Recent advances in magnetic resonance imaging (MRI) are rapidly making this modality the imaging method of choice for image-guided neurosurgical operations. However, to be ready for its prime time in the operating room (OR), utilization of MRI in the OR requires deveiopment of better techniques for image-guided navigation, as well as interactive real-time teleradioIogic methods that will allow tele-collaboration between the surgeon and the radiologist. This presentation describes our work in progress toward achievement of teleradiology in the OR. However, MRI remains a radiologic technique and interpretation of MRI data is the expertise of trained radiologists. Therefore, safe, reliable, and effective use of MRI in the neuro-operating room will require the collaboration of a neuroradiologist and a neurosurgeon throughout a MRI-guided procedure. In the past, such combined efforts have been difficult to pursue due to the inefficiency of having to have a radiologist physically present in the interventional suite or the operating room during typically long procedures. We hypothesize that safe and efficient adaptation of the MR scanner in the operating room will require (1) multiplanar MR image acquisition, navigation, and display techniques that provide the surgeon with a better visualization of the surgical field; and (2) development of a teleradiologic environment for real-time teleconsultation between the surgeon and the radiologist. The following is a report of work in progress in this area.
O
VER THE PAST DECADE anda half, magnetic resonance imaging (MRI) has become the technique of choice for diagnosis and evaluation of a variety of soft tissue tumors, particularly those of the brain. Recent availability of open configuration MRI scanners 1,2 has raised considerable interest in certain sectors of the surgical community, among them neurosurgery, to utilize open scanners for guidance and monitoring of minimally invasive brain interventions, including tumor biopsies and resections. Due in part to the wealth of imaging information provided by MRI, utilization of open MRI scanners in the state of the art operating rooms in the near future seems inevitable. 3, 4 However, MRI remains a radiologic technique and interpretation of MRI data is the expertise of trained radiologists. Therefore, safe, reliable, and effective use of MRI in the neuro-operating room will require the collaboration of a neuroradiologist and a neurosurgeon throughout a MRI-guided procedure. In the past, such combined efforts have been difficult to pursue due to the inefficiency of having to have a radiologist physically present in the interventional suite or the operating room during typically long procedures. We hypothesize that safe and efficient adaptation of the MR scanner in the operating room will require (1) multiplanar MR image acquisition, navigation, and display techniques that provide the surgeon with a better visualization of the surgical field; and (2) development of a teleradiologic environment for real-time teleconsultation between the surgeon and the radiologist. The following is a report of work in progress in this area.
METHODS

MRI Acquisition
The existing MRI pulse sequences are optimized for radiologic diagnostic applications. They are designed to produce diagnostic images from a single plane in each run of the sequence. Although there are some multiplanar pulse sequences available for localization in a two-dimensional plane, these sequences are not capable of true interactive imaging and the quality of images that they produce are often too crude for image-guided surgery. New pulse sequences are needed that are optimized for image-guided surgical navigation in terms of their interactive multiplanar scanning capabilities, acquisition speed, and image quality.
We are developing fast image acquisition pulse sequences for volumetric and muhiplanar acquisitions that are more suitable for interventional MRI (q particularly MRI-guided surgical applications. These sequences will provide localization in three dimensions, and allow multiplanar or volumetric monitoring of the extent of an intervention, including imaging of interstitial thermal ablations. 2"5'6
Integration of Surgical Probes With Imaging Environment
Integration of images with external guiding devices to assist the surgeon during interventional procedures is an important step toward customization of MRI to the surgical environment. MR manufacturer software allows registration of surgical probes with reference images. We plan to develop software to aid in visualization of a surgical probe in the reference image(s) and within the multiplanar or volumetric image data set. In reference to new imaging pulse sequences, graphical user interface (GUI) methods will be developed to a]low interactive and iterative imaging to track a surgical probe in the surgical field. GUI tools will be developed to allow the surgeon and the radiologist to collaboratively navigate the image data and monitor the intervention.
Remote Cooperative Sessions
Due to the radiologic complexity of data provided by the methods described here, the ability for the surgeon to efficiently consuh with a trained radiologist during a case is crucial in making full use of image guidance. Remote cooperative sessions between the surgeon and the radiologist will be facilitated through the use of specialized workstations placed in the operating room (OR) and reading room (RR). These workstations will have the following capabilities: (1) real-time digital communication of image and voice data between OR and RR; FARAHANI, VALENTINO, AND RATIB (2) simultaneous display of independent cursors and graphics native to OR and RR: (3) allow navigation and reformatting of the image data; and (4) allow the radiologist to pefform simple image processing tasks, such as area, volume, and flow quantification and remotely display the results on the OR workstation.
Valentino et al 7 have developed a robust and customizable workstation for use in diagnostic neuroradiology. Their workstation uses a set of object-oriented software class libraries, referred to as toolkits. These toolkits allow basic manipulation and display of diagnostic images, such as navigation through a large series of images in ah examination, browsing of the electronic patient records, and region-of-interest calculations for making quantitative measurements on the image data. In general, we will follow their "task-based object design" approach to devise new toolkits that will facilitate image-guided surgery and allow real-time data sharing suited for remote cooperative sessions between the neurosurgeon and the neuroradiologist. Furthermore, object-oriented programming of the basic toolkits will facilitate incorporation of data obtained from other modalities, such as positron emission tomography (PET) of functional MRI (fMRI) into the image-guidance environment.
Evaluation
Evaluation of the system will include a comparison of multiplanar and three-dimensional MRI in terms of the combined length of acquisition and display intervals and quality of the final image that is used for image guidance. The effectiveness of the remote cooperative sessions will be evaluated based on the timeliness and quality of the teleconsultation process, improvements in expert knowledge generated through the process, and its impact on the overall duration and safety of image-guided procedures.
DISCUSSION
Our goal is to develop new techniques for acquisition and processing of MRI in q procedures in order to increase the accuracy and efficiency of MR-guided brain surgery. These techniques are aimed to increase the navigational power of MRI while increasing the amount of information available to the neurosurgeon performing MRguided tumor biopsy or resection. Optimized imageguided operations will be achieved by bringing together the knowledge and expertise of the radiologist and the surgeon in ah efficient manner, which maximizes utilization MRI through utilization of teleradiologic techniques.
We believe that improved visualization of the surgical field along with improved collaboration and communication between the neurosurgeon and the neuroradiologist will ultimately benefit the patient undergoing a MRI-guided interventional procedure, by offering them more accurate imageguided treatments.
